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© Ignition timing system with feedback correction. 

© Control of spark timing of an ignition system for 
an internal combustion engine uses a feedback cor- 
rection signal which is a function of back EMF gen- 
erated in the primary winding of an ignition coil (83) 



in response to current change in the secondary 
winding of the ignition coil (83) due to spark break- 
down. 
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This invention relates to controlling ignition tim- 
ing for an internal combustion engine and a meth- 
od of controlling spark timing of an ignition coil of 
an ignition system of an internal combustion en- 
gine. 

Various means are known for controlling the 
ignition spark timing in an internal combustion en- 
gine. For example, spark can be determined by 
mechanical apparatus as a function of engine 
speed. Also known are various electronic calcula- 
tion means wherein a computer processes various 
inputs defining engine operating parameters to pro- 
duce a desired timing for operation of the ignition 
system. 

U.S. Patent No. 4,018,202 issued to Gartner 
teaches an adaptive engine dwell. Patent No. 
4,367,722 issued to Tiaki Mizuno has similar teach- 
ings. U.S. Patent No. 4,380,989 issued to Twao 
Takaki adapts a primary current level in response 
to secondary energy calculation integrating secon- 
dary voltage and current. U.S. Patent No. 4,446,843 
to Rumbaugh teaches an adaptive dwell with a 
constant percent of excess dwell. U.S. Patent No. 
4,649,888 issued to Matoshi Kawai teaches an 
adaptive dwell ignition system. U.S. Patent No. 
4,71 1 ,226 to Neuhalfen teaches dwell energy con- 
trol. However, none of the aforementioned patents 
teach adaptive ignition switching delay compensa- 
tion for more accurate spark timing using feedback 
of secondary winding voltage, as reflected back to 
the primary winding, for improved spark timing. 

It would be desirable to have an adaptive igni- 
tion switching delay compensation for more ac- 
curate spark timing. In particular, it would be desir- 
able to take advantage of feedback of secondary 
voltage reflected to the primary for improved spark 
timing. These are some of the problems this inven- 
tion overcomes. 

According to the present invention there is 
there is provided a method of controlling spark 
timing of an ignition coil, with a primary and secon- 
dary winding, in an ignition system for an internal 
combustion engine including the steps of, generat- 
ing a dwell signal to control current flow in the 
primary winding of the ignition coil and to schedule 
spark timing, applying electrical energy to the igni- 
tion coil of the ignition system, detecting the back 
EMF generated by the primary winding of the 
ignition coil in response to current change in the 
secondary winding of the ignition coil, using the 
detected back EMF as a feedback input to the 
ignition system, and offsetting the scheduled spark 
timing as a function of the detected back EMF to 
compensate for system delays. 

Further according to the invention there is pro- 
vided a method of controlling spark timing of an 
ignition coil, with a primary and a secondary wind- 
ing, in an ignition system for an internal combus- 
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tion engine including the steps of, generating a 
dwell signal to control current flow in the primary 
winding of the ignition coil and to schedule spark 
timing, applying electrical energy to the ignition coil 

s of the ignition system, adjusting the dwell signal to 
stop current flow in the primary winding of the 
ignition coil, detecting the back EMF generated by 
the primary winding of the ignition coil in response 
to current change in the secondary winding of the 

10 ignition coil, detecting the falling (terminating) edge 
of the dwell signal controlling primary winding cur- 
rent flow, processing the back EMF signal to gen- 
erate a comparator signal with a falling edge in- 
dicating the time of actual spark occurrence, com- 

75 paring the falling (terminating) edge of the dwell 
signal to the comparator signal falling edge, cal- 
culating a delta spark signal as a function of the 
comparison, applying the delta spark signal to the 
dwell signal so as to shift the dwell signal in time 

20 as a function of the delta spark signal thereby 
adjusting the time of actual spark to be more 
closely positioned to the time of desired spark, and 
determining the existence of an open secondary 
winding if the delta spark signal is larger than a 

25 predetermined amount. 

According to another aspect of the invention 
there is provided a method of computing a correc- 
tion for ignition spark timing for an internal com- 
bustion engine, having an ignition coil with a pri- 

30 mary and a secondary winding, including the steps 
of, generating a dwell signal to control current flow 
in the primary winding of the ignition coil and to 
schedule spark timing, determining whether the 
primary coil is in a nonconducting state, detecting 

35 the second voltage as reflected in the primary 
circuit, calculating a spark correction factor if a 
primary back EMF pulse is detected, determining 
whether the spark correction factor is within desired 
limits, storing a cylinder spark correction if the 

40 spark correction is within predetermined limits, re- 
calling a previously stored spark correction if the 
calculated spark correction is outside the predeter- 
mined limits, and adjusting the dwell signal as a 
function of the spark correction. 

45 According to the invention there is further pro- 

vided an ignition system for an internal combustion 
engine includes, an ignition coil with a primary and 
a secondary winding, generating means for gen- 
erating a dwell signal to control current flow in the 

50 primary winding of the ignition coil and to schedule 
spark timing, and sensing means coupled to said 
primary winding for sensing a back EMF generated 
by said primary winding in response to current 
change in the secondary winding of the ignition 

55 coil. 

This invention teaches using inductive back 
EMF of the ignition coil (i.e. the EMF induced in 
the primary winding as a result of spark breakdown 
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in the secondary circuit) as feedback to adjust 
spark timing as a function of system delays, and 
using a time measurement for open secondary 
detection. The ignition system has an improved 
ignition spark accuracy. Spark misfire and open 
secondary conditions are detected. 

A closed-loop ignition spark controller improves 
the accuracy of spark placement by compensating 
for system variables, thereby closing the gap be- 
tween the desired spark plug firing time and the 
actual spark plug firing time. The ignition spark 
controller minimises the spark variability due to the 
effects of electrical line impedance, coil inductance, 
cylinder pressure, coil drive circuitry, temperature 
drift, process variability, component variability, 
spark gap variation, signal propagation delays, plug 
polarity, fuel mixture, road conditions, and other 
hardware variables. This closed loop spark control- 
ler also provides a reliable method of open secon- 
dary detection/misfire. 

One ignition controller is suitable for a wide 
range of ignition system configurations with the 
ability to adapt to vehicle stack up tolerances, 
design changes, vehicle wear, vehicle operating 
environment, process parameters, and manufactur- 
ing variances. In addition, the design can be used 
with high data rate crankshaft position sensing, 
noncalibratable spark controllers, distributorless ig- 
nition systems, peak cylinder pressure detection 
systems, etc. Thus, high volume manufacture of 
the ignition controller is possible with resulting im- 
provement in reliability and cost. 

The invention will now be described further, by 
way of example, with reference to the accompany- 
ing drawings, in which : 

Figure 1 is a graphical representation of sig- 
nals versus time for an ignition system in accor- 
dance with an embodiment of this invention, 
waveform A representing the spark command sig- 
nal (showing dwell time and spark target time), 
waveform B representing the primary coil current, 
waveform C representing secondary coil voltage, 
waveform D representing back EMF on the primary 
side of the coil, waveform E representing a shifted 
spark command signal in accordance with an em- 
bodiment of this invention. 

Figure 2 is graphical representation of the 
back EMF on the primary coil (waveform A) and of 
a voltage output from a comparator (waveform B), 
both with respect to time; 

Figure 3A is a schematic diagram of the 
ignition coil primary voltage signal conditioning cir- 
cuitry in accordance with an embodiment of this 
invention; 

Figure 3B is a graphical representation of 
the transfer function of logic output versus coil 
primary voltage for the comparator of Figure 3A; 

Figure 4 is a logic flow diagram for control- 
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ling ignition current in accordance with an embodi- 
ment of this invention; 

Figure 5 is a graphical representation of 
spark angle error versus engine speed; 

s Figures 6A and 6B are analogous to Figure 2 

and depict actual primary coil voltage versus time 
for a normal spark event and for a non-firing spark 
plug, respectively, and the corresponding voltage 
versus time from a comparator; and 

io Figure 7 is a schematic of typical coil drive 

circuitry with the addition of a primary voltage 
comparator input resistor in accordance with an 
embodiment of this invention. 

The sequence of Figure 1 illustrates the delay 

75 from the spark plug firing command until actual 
spark plug firing in an ignition system with an 
ignition coil having a primary coil coupled to a 
secondary coil. Figure 1a shows a spark plug firing 
command signal (DWELL) from an ignition CPU 

20 (such as CPU 86 of Figure 7). The falling edge of 
DWELL is the intended spark timing. Figure 1b 
shows the primary coil current and subsequent 
propagation delay. Following the termination of pri- 
mary coil current, the secondary coil voltage rises 

25 until it reaches a critical breakdown voltage 
(waveform c). The failing edge of the secondary 
coil voltage depicts the breakdown across the 
spark gap. It is this event that indicates the actual 
spark timing. The effect of the rapid high voltage 

30 rise and fall of the secondary coil voltage can be 
sensed as a back Electro Motive Force (EMF) on 
the primary side of the ignition coil (waveform d). 

An ignition spark timing adjustment, denoted as 
delta spark, may be calculated from the difference 

as between the falling edge of the spark command or 
DWELL signal at the end of dwell, waveform A, and 
the high voltage falling edge of the back EMF of 
the primary coil voltage. Applying the delta spark 
to the spark command signal, i.e. shifting the falling 

40 edge of the DWELL signal backward in time by the 
offset delta spark, will result in placing the critical 
breakdown voltage of the spark gap at a time more 
closely associated to the spark target (waveform 
e). In order to maintain sufficient ignition energy 

45 the leading edge of DWELL is also shifted. 

Figure 2 illustrates the desired signal condition- 
ing of the primary coil voltage, or feedback EMF 
signal. The feedback voltage of the primary 
(waveform a) will spike up as high as 350 volts and 

so may ring to a negative voltage. Due to the internal 
parasitics of the ignition coil (e.g. the leakage in- 
ductance and stray capacitance), the primary coil 
voltage will exhibit some high voltage turbulence. In 
addition, after the initial breakdown voltage is 

55 achieved the primary coil voltage may ring nega- 
tive but will then rise to a level higher than the 
battery voltage for the duration of the spark. In 
order to achieve the output signal waveform b of 

3 
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Figure 2, a hysteretic comparator circuit is used. 
The comparator, explained in connection with Fig- 
ure 3, is coupled to receive the coil primary voltage 
and to provide a signal indicating actual spark 
timing to the ignition controller. 

Figure 3A depicts a schematic diagram of a 
primary voltage signal conditioning circuit 30. This 
design allows for one or more primary ignition coils 
to be wire OR-ed together at inputs 36 in order to 
use a common comparator 32. Variable resistor 33 
is adjusted so a rising voltage of the coil primary 
causes the output to go to a high state at about 
one-third of the expected peak (equivalent to about 
one-third of 350 volts or about 120 volts). Resistor 
31 is adjusted for 50% hysteresis; i.e. the output 
will go low when falling coil primary voltage goes 
below approximately one-sixth of the peak voltage 
(60 volts). The output of comparator 32 is coupled 
to an inverter 34 which has an output signal coup- 
led to input time-capture hardware of an ignition 
control computer. 

Figure 3B illustrates the transfer function of 
comparator 32 of Figure 3A. The hysteresis of the 
transfer function causes logic switching at one coil 
primary voltage (e.g. 120V) when voltage is in- 
creasing and at another (e.g. 60V) when voltage is 
decreasing. 

Advantageously, the input capture hardware in- 
cludes programmable clock circuitry which enables 
the ignition control computer processing unit (CPU) 
to access the time of the spark event (trailing edge 
of the output signal shown in Figure 2b) with an 
accuracy which can be four micro-seconds or bet- 
ter. Once the spark timing is captured by the 
ignition CPU, it is then processed so as to produce 
the spark command signal of Figure 1e. 

Figure 4 is a flow chart of a primary voltage 
pulse (PVP) software logic flow performed by the 
ignition CPU. This logic looks for the occurrence of 
the spark feedback signal. If the signal is detected, 
a delta spark (i.e. the time between desired and 
actual spark firing) is calculated and stored in ac- 
cordance with an associated cylinder identification. 
Captured values of delta spark are applied to the 
next spark firing of the associated cylinder. 

Referring to Figure 4, logic flow starts at a 
block 40 and goes to a decision block 41 where it 
is determined if the ignition coil is off. If the ignition 
coil is not off, logic flow goes to a return block 42 
to return to the beginning of the logic flow. If the 
ignition coil is off. logic flow goes to a decision 
block 42 wherein primary voltage pulse (PVP) is 
detected. If primary voltage pulse is detected logic 
flow goes to a block 43 wherein delta spark is 
calculated. Logic flow then goes to a decision block 
44 wherein it is inquired whether the delta spark is 
within limits. If delta spark is within limits, logic flow 
goes to a block 45 wherein the delta spark is 
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stored for the particular cylinder. Logic flow then 
goes to a block 46 wherein the next delta spark for 
the next cylinder is recalled. Block 46 is directly 
accessed if in decision block 42 primary voltage 
s pulse is not detected and if in decision block 44 
the delta spark was not within the limits. Logic flow 
from block 46 goes to a block 47 wherein the spark 
target is calculated. Logic flow then goes to a block 
48 wherein the delta spark is subtracted from the 

w calculated spark target. Logic flow then goes to a 
block 49 wherein the spark is scheduled. From 
block 49 logic flow goes to a block 50 wherein the 
logic flow is returned to starting block 40. 

Of particular significance to a distributorless 

75 ignition system is the ability of the spark controller 
to store and recall spark deltas for even and odd 
cylinder pair firings, e.g. a spark delta measured 
for a positive polarity firing on one cylinder under 
compression is used for spark compensation on 

20 the same plug under identical conditions. This fea- 
ture eliminates spark errors due to plug polarity 
and variances in cylinder pressures. Under normal 
conditions, updated spark deltas are measured for 
every spark firing, in the event a spark event is not 

25 captured the old delay value is retained. Referring 
to Figure 1e, the spark delta is used to shift the 
appropriate DWELL time. 

Figure 5 is a graph of spark retard angle error 
versus engine speed. The three curves indicate 

30 spark retard error due to a spark timing error of 40, 
80, and 120 micro-seconds. Spark angle errors 
above one degree will affect engine drive perfor- 
mance. Spark angle errors below one degree are 
also of significance since they are additive to other 

35 system offsets. These are the spark retard angle 
errors which can be reduced using this invention. 

The delta spark PVP comparator (Figure 3A) 
and software logic (Figure 4) are used to detect an 
open secondary. An open circuit secondary wind- 

40 ing or misfire condition is indicated when the delta 
spark value (i.e. the time for shifting the spark) 
exceeds the maximum allowable time for a normal 
spark (e.g. about 100 micro-seconds) but is within 
an established upper limit (e.g. about 300 micro- 

45 seconds). 

In order to clarify the physical properties gov- 
erning this detection system it is necessary to 
analyse the wave patterns of a normal spark 
(Figure 6 A) versus that of an open secondary 

so (Figure 68). In Figure 6A, the falling edge of the 
primary coil voltage signal corresponds to the end 
of the spark delay time captured by the CPU 
(normally between 30 and 50 micro-seconds). Fig- 
ure 6B depicts a primary coil voltage indicating an 

55 open secondary winding condition (spark delay 
equal to about 170 micro-seconds). In Figure 6A. 
the majority of the coil energy is dissipated during 
the spark duration (the 1 to 2 millisecond period 

4 
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following the high voltage breakdown when the 
value of the primary winding voltage is several 
volts greater then the battery voltage). Under an 
open secondary winding condition (Figure 6B) the 
majority of the coil energy is dissipated during the 
high voltage swing of the primary coil due to the 
protective/clamping circuitry on the switching tran- 
sistor. Since there is no completed secondary cir- 
cuit the high voltage condition is reflected back to 
the primary and remains until it can no longer be 
sustained. This collapse of the high voltage occurs 
at a later time than the breakdown of a normal 
spark. 

The critical parameter governing this detection 
system is the duration at maximum amplitude of 
the primary voltage. Figure 7 illustrates an ignition 
coil drive circuit. The clamp circuitry R1, R2, and 
the 18 volt zener diode 80 are used to protect a 
Darlington switching transistor stack 81 from the 
destructive Vcb voltages. This circuit is tuned via 
the R2/(R1 + R2) ratio to as high a voltage as 
allowed in order to permit high secondary break- 
down voltage and still adequately protect Darling- 
ton stack 81, for example 350 volts. The high 
clamp voltages, however, make for shorter spark 
delays on the open secondary so there is more 
energy dissipation in a shorter period of time. This 
requirement narrows the gap between discriminat- 
ing a normal spark and an open secondary. With 
closely coupled high energy coils and secondary 
breakdown voltages below 40 KV this parameter is 
less critical and allows enough guard banding un- 
der all operating voltages and conditions to 
minimise false detection. Ignition coil 83 is coupled 
in series with Darlington stack 81 and governs 
sparking in spark gaps 84 and 85. The primary 
voltage comparator of Figure 3A is coupled to the 
junction of resistor R1 and R2 through a resistor 
82. Ignition CPU 86 is coupled through a resistor 
87 and a transistor 88 to Darlington stack 81 . 



Claims 

1. A method of controlling spark timing of an 
ignition coil, with a primary and secondary winding, 
in an ignition system for an internal combustion 
engine including the steps of, generating a dwell 
signal to control current flow in the primary winding 
of the ignition coil and to schedule spark timing, 
applying electrical energy to the ignition coil of the 
ignition system, detecting the back EMF generated 
by the primary winding of the ignition coil in re- 
sponse to current change* in the secondary winding 
of the ignition coil, using the detected back EMF as 
a feedback input to the ignition system, and offset- 
ting the scheduled spark timing as a function of the 
detected back EMF to compensate for system de- 
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lays. 

2. A method of controlling spark timing as 
claimed in claim 1 wherein the steps of using the 
detected back EMF as feedback and offsetting the 

s spark timing include, detecting a falling 
(terminating) edge of a dwell command signal con- 
trolling primary winding current flow, detecting a 
high voltage falling edge of the primary winding 
back EMF, comparing the falling (terminating) edge 

io of the dwell command to the high voltage falling 
edge of the primary winding back EMF and deter- 
mining a difference between the two, calculating a 
delta spark signal as a function of the difference, 
and applying the delta spark signal to the dwell 

75 signal so as to shift the dwell signal in time as a 
function of the delta spark signal thereby adjusting 
the time of actual spark to be more closely posi- 
tioned to the time of desired spark. 

3. A method of controlling spark timing as 
20 claimed in claim 2 further comprising the steps of, 

detecting the time of the collapse of high voltage 
generation in the secondary windings of the ignition 
coil, and determining the existence of an open 
circuit condition in the secondary winding if the 
25 detected time is greater than a predetermined 
amount. 

4. A method of controlling spark timing as 
claimed in claim 2, wherein the step of applying 
the delta spark to the dwell signal so as to shift the 

30 dwell signal in time includes shifting the rising and 
falling edges of the dwell signal in time by the 
same amount. 

5. A method of controlling spark timing of an 
ignition coil, with a primary and a secondary wind- 

35 ing, in an ignition system for an internal combus- 
tion engine including the steps of, generating a 
dwell signal to control current flow in the primary 
winding of the ignition coil and to schedule spark 
timing, applying electrical energy to the ignition coil 
40 of the ignition system, adjusting the dwell signal to 
stop current flow in the primary winding of the 
ignition coil, detecting the back EMF generated by 
the primary winding of the ignition coil in response 
to current change in the secondary winding of the 
45 ignition coil, detecting the failing (terminating) edge 
of the dwell signal controlling primary winding cur- 
rent flow, processing the back EMF signal to gen- 
erate a comparator signal with a falling edge in- 
dicating the time of actual spark occurrence, corn- 
so paring the falling (terminating) edge of the dwell 
signal to the comparator signal failing edge, cal- 
culating a delta spark signal as a function of the 
comparison, applying the delta spark signal to the 
dwell signal so as to shift the dwell signal in time 
55 as a function of the delta spark signal thereby 
adjusting the time of actual spark to be more 
closely positioned to the time of desired spark, and 
determining the existence of an open secondary 

5 
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winding if the delta spark signaJ is larger than a 
predetermined amount. 

6. A method of controlling spark timing as 
claimed in claim 5 further comprising the steps of, 
associating each delta spark signal with a particular 
cylinder of the ignition system, storing each delta 
spark signaJ in a memory, and retrieving the delta 
spark signal from the memory for use in adjusting 
the dwell signaJ. 

7. A method of controlling spark timing of an 
ignition coiJ as claimed in claim 5, wherein the 
steps of processing the back EMF signal and com- 
paring the signaJs include the steps of, coupling a 
signal from the primary coil to a comparator, op- 
erating the comparator in a hysteretic manner, and 
generating a falling output from the comparator 
corresponding to the falling_back EMF indicating 
actual spark firing. 

8. A method controlling spark timing as 
claimed in claim 7 further comprising the steps of, 
controlling the operation of a distributorless ignition 
system by coupling in parallel the signals from a 
plurality of primary coils to the comparator and 
associating each delta spark signal with two cyl- 
inders. 

9. A method of computing a correction for 
ignition spark timing for an internal combustion 
engine, having an ignition coil with a primary and a 
secondary winding, including the steps of, generat- 
ing a dwell signal to control current flow in the 
primary winding of the ignition coil and to schedule 
spark timing, determining whether the primary coil 
is in a nonconducting state, detecting the secon- 
dary voltage as reflected in the primary circuit, 
calculating a spark correction factor if a primary 
back EMF pulse is detected, determining whether 
the spark correction factor is within desired limits, 
storing a cylinder spark correction if the spark 
correction is within predetermined limits, recalling a 
previously stored spark correction if the calculated 
spark correction is outside the predetermined lim- 
its, and adjusting the dwell signal as a function of 
the spark correction. 

10. An ignition system for an internal combus- 
tion engine includes, an ignition coil with a primary 
and a secondary winding, generating means for 
generating a dwell signal to control current flow in 
the primary winding of the ignition coil and to 
schedule spark timing, and sensing means coupled 
to said primary winding for sensing a back EMF 
generated by said primary winding in response to 
current change in the secondary winding of the 
ignition coil. 

11. An ignition system for an internal combus- 
tion engine as claimed in claim 10, wherein said 
sensing means includes, a hysteretic comparator 
having a first input coupled to a first reference 
voltage when the output is low and coupled to a 



second reference voltage when the output is high, 
and a second input coupled to detect the primary 
coil voltage across said primary winding. 

12. An ignition system as claimed in claim 11, 
s further comprising a feedback path between the 
output of said comparator and coupled said first 
input when the output is low and coupled to a 
second reference voltage when the output is high. 
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© Ignition timing system with feedback correction. 



CO© Control of spark timing of an ignition system for 
^an internal combustion engine uses a feedback cor- 
^rection signal which is a function of back EMF gen- 
derated in the primary winding of an ignition coil (83) 
fin response to current change in the secondary 
©winding of the ignition coil (83) due to spark break- 
CP down. 
CO 
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© Device for detecting misfire of internal combustion engine equipped with double-ended coil and 
distributorless ignition system. 



©A misfire detecting device for a double-ended 
distributorless ignition system is provided. The de- 
vice comprises a pulse generating circuit for gen- 
^| erating a positive polarity pulse which is not so high 
^ as to cause spark discharge during the time after 
0) completion of spark discharge and before beginning 
^ of application of an ignition high voltage for next 
^ spark discharge, a reverse current preventing diode 
^ connected at an anode to an output end of the pulse 
CO generating circuit and at a cathode to a positive 
polarity side of a secondary winding of an ignition 
O coil - a P'ug voltage dividing circuit for dividing a plug 
q voltage between a center electrode and an outer or 
■ ■■ ground electrode of each of spark plugs to obtain a 
divided voltage therebetween, and a detecting circuit 
for detecting a misfire of the spark plugs on the 



basis of an attenuation characteristic of the divided 
voltage after application of the positive polarity 
pulse. 



FIG.1 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a misfire de- 
tecting device for an internal combustion engine 
equipped with a double-ended DLI (distributorless 
ignition system). 

2. Description of the Prior Art 

An ignition system of the type having a distri- 
butor is shown in Fig. 21. The distributor type 
ignition system includes an ignition coil 901, a 
battery 903 and a power transistor 904 both con- 
nected to a primary winding 902 of the ignition coil 
901, and an engine control unit (ECU) 905 for 
supplying an ignition signal to the power transistor 
904, a distributor 907 for distribution of a high 
voltage induced in a secondary winding 906, and 
spark plugs 908 - 911 connected to side elec- 
trodes of the distributor 907. 

As shown in Fig. 21 , a misfire detecting device 
consisting of a voltage dividing circuit 912 for divid- 
ing a plug voltage between a center electrode and 
an outer electrode and a misfire detecting circuit 
913 for detecting a misfire of a spark plug at each 
engine cylinder on the basis of an attenuation char- 
acteristic of the plug voltage is incorporated in the 
above described prior art ignition system. In the 
meantime, since a positive potential at the elec- 
trode of the spark plug makes it possible to attain a 
smaller electrical resistance between the center 
electrode and the outer electrode at normal com- 
bustion, i.e., at normal firing and therefore makes it 
possible to attain judgment of the attenuation char- 
acteristic of the plug voltage with ease, than the 
negative potential does, the connection of the igni- 
tion coil 910 is reversed to the usual. 

On the other hand, a double-ended distributor- 
less ignition system has recently been used in a 
great number. The ignition system, as shown in 
Fig. 22, consists of ignition coils 920 and 921 for 
simultaneous ignition or spark, power transistors 
924 and 925 for intermittently supplying battery 
current to primary windings 922 and 923 of the 
ignition coils 920 and 921, an electronic control unit 
(ECU) 926 for delivering an ignition signal to the 
power transistors 924 and 925, and spark plugs 
927 ~ 930. In the meantime, the distributorless 
ignition system does not utilize a distributor and 
thus can reduce the radio noise and the cost. 

It was revealed that when the double-ended 
distributorless ignition system was provided with a 
similar misfire detecting device consisting of a volt- 
age dividing circuit 912, diodes 931, and a misfire 
detecting circuit 913, it was encountered by a 
following disadvantage. 



The distributorless ignition system shown in 
Fig. 22 is so structured as to apply a high negative 
voltage to the center electrodes of the spark plugs 
928 and 930. The spark plug whose center elec- 

5 trode is at negative potential, maintains a high 
electrical resistance between the center electrode 
and the outer electrode or ground electrode even 
after normal combustion or firing, so a remarkable 
or prominent attenuation of the plug voltage does 

io not occur and therefore there occurs such a case 
in which the attenuation characteristic of the plug 
voltage in case of normal firing does not differ so 
largely from that in case of occurrence of a misfire. 
Due to this, there is caused a difficulty in 

is detecting a misfire at an engine cylinder having 
installed therein a spark plug the center electrode 
of which is at a negative potential. 

In order to solve this problem, a following tech- 
nique has been proposed as described in Japa- 

20 nese Patent Provisional Publication No. 4-179864. 

As shown in Fig. 23, a secondary winding 941 
is connected at opposite ends thereof by spark 
plugs 942 and 943, a positive polarity bias 947 of 
about 300 volts is always applied by way of a 

25 resistor 945 and a diode 946 to the positive polarity 
terminal 944 of the secondary winding 941, and a 
voltage at the output terminal 948 is detected for 
thereby determining or knowing combustion within 
a cylinder, i.e., occurrence of a misfire at a cyh 

30 inder. 

However, the technique described in the above 
patent publication is encountered by a following 
disadvantage. 

Since the voltage of the positive polarity bias 

35 947 is low because it is about 300 volts, there may 
occur such a case in which if there is a contact 
defect in a distribution line such as a high tension 
code, a plug cap, etc., the bias voltage cannot go 
over the defective place though the high voltage for 

40 causing spark can go over it, thus making it difficult 
to ascertain the combustion within each cylinder, 
i.e., occurrence of a misfire of a spark plug at each 
cylinder. 

Since the structure is such that the positive 
45 polarity bias 947 is always applied, it is required, 
when to detect the combustion, i.e., occurrence of 
a misfire at a particular period of a combustion 
cycle, to carry out a waveform treatment (i.e., in- 
tegration or masking over a certain interval) of the 
so voltage at the output terminal 948. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there 
55 is provided a novel and improved misfire detecting 
device for a double-ended distributorless ignition 
system having an ignition coil for simultaneous 
spark, primary current supplying means for sup- 
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plying battery current to a primary winding of the 
ignition coil intermittently, a first spark plug con- 
nected at a center electrode side to a positive 
polarity side of a secondary winding of the ignition 
coil and grounded at an outer electrode side, and a 
second spark plug connected at a center electrode 
side to a negative polarity side of the secondary 
winding of the ignition coil and grounded at an 
outer electrode side. 

The misfire detecting device comprises pulse 
generating means for generating a positive polarity 
pulse which is not causative of spark discharge, 
during the time after completion of spark discharge 
and before beginning of application of an ignition 
high voltage for next spark discharge, a reverse 
current preventing diode connected at an anode to 
an output end of the pulse generating means and 
at a cathode to the positive polarity side of the 
secondary winding of the ignition coil, plug voltage 
dividing means for dividing a plug voltage between 
a center electrode and an outer electrode of each 
of the spark plugs to obtain a divided voltage 
therebetween, and detecting means for detecting a 
misfire of the spark plugs on the basis of an 
attenuation characteristic of the divided voltage 
after application of said positive polarity pulse. 

With the above misfire detecting device, when 
the primary current supplying means supplies bat- 
tery current to the primary winding of the ignition 
coil for simultaneous spark intermittently, a high 
voltage is induced in the secondary winding. Si- 
multaneous with a positive potential high voltage 
being applied to the center electrode side of the 
first spark plug, a negative potential high voltage is 
applied to the center electrode side of the second 
spark plug, thus causing the first and second spark 
plugs to fire simultaneously. The pulse generating 
means produces a positive polarity pulse which is 
not causative of spark discharge between the cen- 
ter electrode and the outer electrode, during the 
time after completion of spark discharge and be- 
fore beginning of application of a high voltage for 
next spark discharge. The positive polarity pulse is 
applied to the positive polarity side of the secon- 
dary winding by way of the reverse current pre- 
venting diode and then applied directly or by way 
of the secondary winding to the center electrodes 
of the first and second spark plugs without being 
affected by the condition of the distribution line. By 
the application of the positive polarity pulse, the 
floating capacity provided by the center electrode- 
to-outer electrode portions of the spark plugs, the 
connection lines for connection between the secon- 
dary winding and the spark plugs, the ignition coil, 
etc., is charged. In this instance, when the cylinder 
provided with the first spark plug is at a firing 
cycle, the charge in the above floating capacity 
moves to the center electrode-to-outer electrode 
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portion of the first spark plug, so that the plug 
voltage attenuates. Further, when the second spark 
plug is at a firing cycle, the charge in the above 
described floating capacity moves to the center 
5 electrode-to-outer electrode portion of the second 
spark plug, so that the plug voltage attenuates. The 
voltage dividing means divides a plug voltage 
across the center electrode-to-outer electrode por- 
tion of the second spark plug in such a manner that 
io the divided voltage is included within an allowable 
input range of the misfire detecting means. After 
occurrence of normal combustion within a cylinder, 
i.e., after occurrence of normal firing, the electrical 
resistance of the center electrode-to-outer elec- 
ts trode portion is lowered, so the plug voltage attenu- 
ates in an early time or shortly. However, in case of 
occurrence of a misfire of the spark plug at one of 
the cylinders, the electrical resistance at the center 
electrode-to-outer electrode portion is maintained 
20 high, so the plug voltage attenuates slowly or 
gradually. By this principle, the misfire detecting 
device detects the combustion condition within the 
cylinder, i.e.. a misfire of a spark plug at each 
engine cylinder on the basis of the attenuation 
25 characteristic of the divided voltage. 

According to a further aspect of the present 
invention, the misfire detecting device further com- 
prises a diode connected at a cathode to an anode 
side of the reverse current preventing diode and 
30 grounded at an anode for unloading a negative 
charge remaining in a floating capacity. 

With the above misfire detecting device, at the 
time of a misfire or at engine high speed, just after 
completion of the spark discharge and by the elec- 
ts tromagnetic energy remaining in the ignition coil, a 
high voltage is developed in the secondary wind- 
ing. In case the engine cylinder provided with a 
spark plug connected to the negative terminal side 
of the secondary winding is at the firing cycle and 
40 a high voltage is developed for the above de- 
scribed reason, the threshold voltage at the positive 
polarity side connected with the spark plug at the 
exhaust cycle is low. Thus, at the time of comple- 
tion of spark discharge and in case a diode for 
45 unloading a negative charge is not provided, a 
considerably high negative charge is stored in the 
floating capacity of the center electrode-to-outer 
electrode portion. By the negative charge, the volt- 
age of the positive polarity pulse applied by way of 
so the diode to the positive polarity side of the secon- 
dary winding is lowered (at the time of a misfire or 
at high engine speed), thus lowering the accuracy 
of detection of a misfire or combustion condition. 
However, by the provision of the diode which is 
55 connected at the cathode to the anode side of the 
above described reverse current preventing diode 
and grounded at the anode, it becomes possible to 
unload the negative charge remaining in the float- 
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ing capacity immediately or in a moment, so the 
voltage of the positive polarity pulse which is ap- 
plied by way of the diode (or by way of the diode 
and the secondary winding) to the spark plug is not 
lowered. 

According to a further aspect of the present 
invention, the voltage dividing means comprises a 
condenser voltage dividing circuit constructed of a 
capacitor of a small capacity and a capacitor of a 
relatively large capacity which are connected in 
series. 

With the above voltage dividing means, voltage 
division is performed so that the positive polarity 
high tension pulse to be detected is a fraction of 
the total voltage corresponding to the capacity ratio 
of the capacitor of the relatively small capacity and 
the capacitor of the relatively large capacity and is 
included within an allowable input range of the 
misfire detecting means. 

According to a further aspect of the present 
invention, there is provided a misfire detecting de- 
vice for a double-ended distributorless ignition sys- 
tem having an ignition coil for simultaneous spark, 
primary current supplying means for supplying bat- 
tery current to a primary winding of the ignition coil 
intermittently, a first spark plug connected at a 
center electrode side to a positive polarity side of a 
secondary winding of the ignition coil and ground- 
ed at an outer electrode side, and a second spark 
plug connected at a center electrode side to a 
negative polarity side of the secondary winding of 
the ignition coil and grounded at an outer electrode 
side. The misfire detecting device comprises pulse 
generating means for generating a positive polarity 
pulse which is not causative of spark discharge, 
during the time after completion of spark discharge 
and before beginning of application of an ignition 
high voltage for next spark discharge, first and 
second reverse current preventing diodes connect- 
ed in series to each other for allowing the positive 
polarity pulse to pass therethrough and be supplied 
to the positive polarity side of the secondary wind- 
ing of the ignition coil, voltage dividing means for 
dividing a voltage at a junction between an anode 
of the first diode and a cathode of the second 
diode to obtain a divided voltage thereat, and de- 
tecting means for detecting a misfire of the spark 
plugs on the basis of an attenuation characteristic 
of the divided voltage. 

With the above misfire detecting device, when 
the primary current supplying means supplies bat- 
tery current to the primary winding of the ignition 
coil for simultaneous spark intermittently, a high 
voltage is induced in the secondary winding. Si- 
multaneous with a positive potential high voltage 
being applied to the center electrode side of the 
first spark plug, a negative potential high voltage is 
applied to the center electrode side of the second 
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spark plug, thus causing the first and second spark 
plugs to fire simultaneously. The pulse generating 
means produces a positive polarity pulse which is 
not causative of spark discharge between the cen- 
5 ter electrode and the outer electrode, during the 
time after completion of spark discharge and be- 
fore beginning of application of a high voltage for 
next spark discharge. The positive polarity pulse is 
applied to the positive polarity side of the secon- 

70 dary winding by way of the first and second diodes 
and then applied directly or by way of the secon- 
dary winding to the center electrodes of the first 
and second spark plugs without being affected by 
the condition of the distribution line. By the applica- 

75 tion of the positive polarity pulse, the floating ca- 
pacity provided by the center electrode-to-outer 
electrode portions of the spark plugs, the connec- 
tion lines for connection between the secondary 
winding and the spark plugs, the ignition coil, the 

20 connection line for connection between the first and 
second diodes and the voltage dividing means, is 
charged. In this instance, when the cylinder pro- 
vided with the first spark plug is at a firing cycle, 
the charge in the above floating capacity moves to 

25 the center electrode-to-outer electrode portion of 
the first spark plug, so that the plug voltages at- 
tenuates. Further, when the second spark plug is at 
a firing cycle, the charge in the above described 
floating capacity moves to the center electrode-to- 

30 outer electrode portion of the second spark plug, 
so that the plug voltage attenuates. After occur- 
rence of normal combustion within a cylinder, i.e., 
after occurrence of normal firing, the electrical re- 
sistance of the center electrode-to-outer electrode 

35 portion is lowered, so the potential at the junction 
between the cathode of the first diode and the 
anode of the second diode attenuates in an early 
time or shortly. However, in case of occurrence of 
a misfire of a spark plug at one of the cylinders, 

40 the electrical resistance at the center electrode-to- 
outer electrode portion is maintained high, so the 
potential at the junction attenuates slowly or gradu- 
ally. The voltage dividing means divides the volt- 
age at the junction between the cathode of the first 

45 diode and the anode of the second diode in such a 
manner that the divided voltage is included in an 
allowable input range of the misfire detecting de- 
vice. In the meantime, the high voltage developed 
at the positive polarity side of the ignition coil for 

so firing of a spark plug, is almost utilized at the time 
of firing of the spark plug and is not input to the 
voltage dividing means by the reverse current pre- 
venting action of the second diode. The misfire 
detecting device detects the combustion condition 

55 within the cylinder, i.e., a misfire of the spark plug 
at each cylinder on the basis of the attenuation 
characteristic of the divided voltage. 
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According to a further aspect of the present 
invention, the voltage dividing means comprises a 
condenser voltage dividing circuit constructed of a 
capacitor of a small capacity electrically connected 
at one of opposite ends to the junction and a 
capacitor of a relatively large capacity connected at 
one of opposite ends to the other of the opposite 
ends of the capacitor of a small capacity and 
grounded at the other of the opposite ends thereof, 
wherein the capacitors are installed on a single 
insulation substrate. 

With the above voltage dividing means, the 
condenser voltage dividing circuit can be arranged 
all together on a single insulation substrate, and the 
voltage at the junction is divided so as to be a 
fraction of the total voltage corresponding to the 
capacity ratio of the capacitor of the relatively small 
capacity and the capacitor of the relatively large 
capacity and be included within an allowable input 
range of the misfire detecting means. In the mean- 
time, by the reverse current preventing operation of 
the second diode, the high voltage developed in 
the secondary winding of the ignition coil for firing 
of the spark plugs does not move to the junction, 
so the withstand voltage of the capacitor of a small 
capacity can be set to be the voltage of the posi- 
tive polarity pulse or so. 

According to a further aspect of the present 
invention, the second diode is disposed within an 
electrically insulated casing of the ignition coil. 

According to a further aspect of the present 
invention, the misfire detecting device for a double- 
ended distributorless ignition system having a plu- 
rality of ignition coils for simultaneous spark, pri- 
mary current supplying means for supplying bat- 
tery current to primary windings of the ignition coils 
intermittently and in turn, and a plurality of spark 
plugs connected at center electrode sides to sec- 
ondary windings of the ignition coils and grounded 
at outer electrode sides. The misfire detecting de- 
vice comprises pulse generating means for gen- 
erating a positive polarity pulse which is not causa- 
tive of spark discharge, during the time after com- 
pletion of spark discharge of one of the spark plugs 
and before beginning of spark discharge of another 
of the spark plugs which is to discharge next, first 
diodes of the same number as the ignition coils 
and each connected at an anode to an output end 
of the pulse generating means, second diodes of 
the same number as the ignition coils and each 
connected at an cathode to a positive polarity side 
of the secondary winding of each of the ignition 
coils and at an anode to a cathode of each of the 
first diodes, voltage dividing means for dividing 
voltages at junctions between the cathodes of the 
first diodes and the anodes of the second diodes to 
obtain divided voltages thereat, and detecting 
means for detecting a misfire of the spark plugs on 
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the basis of attenuation characteristics of the di- 
vided voltages. 

With the above misfire detecting device, when 
the primary current supplying means supplies bat- 
5 tery current to the primary windings of a plurality of 
ignition coils for simultaneous spark intermittently 
and in turn, a high voltage is induced in the secon- 
dary windings in turn. A set of spark plugs con- 
nected to the same ignition coil is caused to fire by 
10 application of the high voltage. The pulse generat- 
ing means produces a positive polarity pulse which 
is not causative of spark discharge between the 
center electrode and the outer electrode, during the 
time after completion of spark discharge of the set 
is of spark plugs and before beginning of spark dis- 
charge of another set of spark plugs which are to 
discharge next. The positive polarity pulse is ap- 
plied to the positive polarity side of the secondary 
winding by way of the first and second diodes and 
20 then applied directly or by way of the secondary 
winding to the center electrodes of the set of spark 
plugs having finished spark discharge, without be- 
ing affected by the condition of the distribution line. 
The voltage dividing means divides the total vort- 
25 age in such a manner that the divided voltage is 
included within an allowable input range of the 
misfire detecting means. In the meantime, the high 
voltage developed at the secondary side of the 
ignition coil for firing the spark plug, is not input the 
30 voltage dividing means by the reverse current pre- 
venting operation of the second diode but is almost 
used for firing the spark plugs. For example, after 
occurrence of normal combustion within a cylinder, 
i.e., after occurrence of normal firing, the electrical 
35 resistance of the center electrode-to-outer elec- 
trode portion is lowered, so the plug voltage attenu- 
ates in an early time or shortly. However, in case of 
occurrence of a misfire of the spark plug at one of 
the cylinders, the electrical resistance at the center 
40 electrode-to-outer electrode portion is maintained 
high, so the plug voltage attenuates slowly or 
gradually. By this principle, the misfire detecting 
device detects the combustion condition within the 
cylinder, i.e., a misfire of a spark plug at each 
45 cylinder on the basis of the attenuation characteris- 
tic of the divided voltage. 

The above device is effective for solving the 
above noted problems inherent in the prior art 
device. 

50 It is accordingly an object of the present inven- 

tion to provide a novel and improved misfire de- 
tecting device for an internal combustion engine 
equipped with a double-ended distributorless igni- 
tion system which can detect a misfire of a spark 

55 plug at each cylinder with accuracy without being 
affected by the conditions of the distribution lines 
of the ignition system, etc. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an electric circuit diagram of a double- 
ended distributorless ignition system in which a 
misfire detecting device according to an em- 
bodiment of the present invention is incorpo- 
rated; 

Fig. 2 is an illustration of output waveforms of 
the misfire detecting device of Fig. 1 ; 
Fig. 3 is an electrical circuit diagram of a dou- 
ble-ended distributorless ignition system in 
which a misfire detecting device according to a 
second embodiment of the present invention is 
incorporated; 

Fig. 4 is an illustration of plug voltages and 
output waveforms of the misfire detecting device 
of Fig. 3; 

Fig. 5 is an electrical circuit diagram of a dou- 
ble-ended distributorless ignition system in 
which a misfire detecting device according to a 
third embodiment of the present invention is 
incorporated; 

Fig. 6 is an electrical circuit diagram of a dou- 
ble-ended distributorless ignition system in 
which a misfire detecting device according to a 
fourth embodiment of the present invention is 
incorporated; 

Fig. 7 is a top plan view of a substrate utilized in 
the misfire detecting device of Fig. 6; 
Fig. 8 is an electrical circuit diagram of a dou- 
ble-ended distributorless ignition system in 
which a misfire detecting device according to a 
fifth embodiment of the present invention is in- 
corporated; 

Fig. 9 is an illustration of various waveforms at 
various places in the ignition system of Fig. 8; 
Fig. 10 is an electrical circuit diagram of a 
comparative ignition system; 
Fig. 11 is an illustration of various waveforms at 
various places in the comparative ignition sys- 
tem of Fig. 10; 

Fig. 12 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
which a misfire detecting device according to a 
sixth embodiment of the present invention is 
incorporated; 

Fig. 13 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
which a misfire detecting device according to a 
seventh embodiment of the present invention is 
incorporated; 

Fig. 14 is an illustration of waveforms of the plug 
voltage at a positive polarity and a negative 
polarity on a secondary side of an ignition coil of 
the ignition system of Fig. 13; 
Fig. 15 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
which a misfire detecting device according to an 



eighth embodiment of the present invention is 
incorporated; 

Fig. 16 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
5 which a misfire detecting device according to a 

ninth embodiment of the present invention is 
incorporated; 

Fig. 17 is a view for illustration of the structure 
of an ignition coil for use in the double-ended 

w distributorless ignition system of Fig. 16 or 18; 

Fig. 18 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
which a misfire detecting device according to a 
tenth embodiment of the present invention is 

75 incorporated; 

Fig. 19 is an electrical circuit diagram of a 
double-ended distributorless ignition system in 
which a misfire detecting device according to an 
eleventh embodiment of the present invention is 

20 incorporated; 

Fig. 20 is a view for illustration of the structure 
of an ignition coil for use in the double-ended 
distributorless ignition system of Fig. 19; 
Fig. 21 is an electrical circuit diagram of a prior 

25 art ignition system; 

Fig. 22 is an electrical circuit diagram of another 
prior art ignition system; and 
Fig. 23 is an electrical circuit diagram of a 
further prior art ignition system. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs. 1 and 2, a double-ended 

35 distributorless ignition system n A" having incor- 
porated therein a misfire detecting device accord- 
ing to an embodiment of the present invention, 
includes an ignition coil 1 , a battery 2 connected to 
a primary winding 11 of the ignition coil 1, a power 

40 transistor 3, an engine control unit (ECU) 4 for 
delivering an ignition signal 41 to the power transis- 
tor 3, a spark plug 51 connected at a center 
electrode thereof to a secondary high tension posi- 
tive terminal 121 of a secondary winding 12, a 

45 spark plug 52 connected at a center electrode 
thereof to a secondary high tension negative termi- 
nal 122 of the secondary winding 12, a pulse 
generating circuit 6 for generating a positive polar- 
ity pulse 60, a diode 71 for supplying the positive 

so polarity pulse 60 to the secondary high tension 
positive terminal 121 of the secondary winding 12, 
a plug voltage dividing circuit 8 for dividing a plug 
voltage across the center electrode-to-outer elec- 
trode portion of the spark plug 51, and a combus- 

55 tion condition or misfire detecting circuit 9 for de- 
tecting a combustion condition within a cylinder or 
misfire of a spark plug at each cylinder on the 
basis of an attenuation characteristic of an output 
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voltage 800. 

The ignition coil 1 is of the simultaneous igni- 
tion or spark type and composed of hundreds of 
turns of the primary winding 11 and tens of thou- 
sands of turns of the secondary winding 12 which 
are wound on an iron core. The iron core is formed 
from a plurality of thin silicon steel plates which are 
stacked on upon another. The windings are placed 
in a casing filled with resin. The ignition coil 1 has, 
on the top face of the casing, primary terminals 
111 and 112, a secondary high tension positive 
terminal 121, and a secondary negative terminal 
122 which are independent from each other. 

The primary terminal 111 of the ignition coil 1 
is connected to a positive terminal 21 of the battery 
2, whilst the primary terminal 112 is connected to a 
collector 31 of the power transistor 3. 

The secondary high tension positive terminal 
121 and the secondary high tension negative termi- 
nal 122 of the ignition coil 1 are connected by way 
of high tension codes 511 and 521 to the center 
electrodes of the spark plugs 51 and 52, respec- 
tively. 

The power transistor 3 for allowing battery cur- 
rent to flow intermittently to the primary winding 11 
is put into an ON/OFF condition on the basis of an 
ignition signal 41 delivered from the engine control 
unit 4 and make the secondary winding 12 develop 
a high voltage of several tens kilovolts when op- 
erated to change from the ON condition to the OFF 
condition. 

The engine control unit (ECU) 4 determines an 
optimum ignition timing on the basis of engine 
speed, coolant temperature, a signal from a cam 
position sensor, etc. and delivers an ignition signal 
41 to the power transistor 3 so that spark discharge 
is caused at the optimum ignition timing. Further, 
the engine control unit 4 determines, on the basis 
of the determined optimum ignition timing, a timing 
for delivering a high tension pulse 60 and delivers 
a pulse generation instructing signal 42 to the 
pulse generating circuit 6. 

In this embodiment, "primary current supplying 
means" is constituted by the engine control unit 4 
and the power transistor 3. 

The spark plugs 51 and 52 are installed on the 
#1 cylinder and #2 cylinder of a gasoline engine, 
respectively and adapted to fire or discharge when 
supplied with, during a compression stroke and an 
exhaust stroke, a positive high voltage in case of 
spark plug 51 or a negative high voltage in case of 
spark plug 52. Since the ignition system is of the 
double-ended type, the spark plug which is not on 
the firing cycle is caused to make waste spark or 
firing during an exhaust stroke. However, since 
such firing or spark is performed under a nearly 
atmospheric pressure condition, the required volt- 
age and the arc maintaining voltage are both small 
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so that the firing energy is always and mostly 
distributed to the spark plug on the firing cycle 
side. 

The pulse generating circuit 6 in this embodi- 
5 ment is composed of a coil 61 connected at a 
primary contact 612 of a primary winding 611 to a 
positive terminal 21 of the battery 2, and a power 
transistor 62 connected at a collector to an internal 
connecting terminal 610. When the power transistor 
10 62 in a turned on condition is biased off, a high 
voltage which is not causative of spark discharge 
or firing (about 3 kV in this embodiment) is pro- 
duced at a secondary terminal 614 of a secondary 
winding 613. 

15 A diode 71 which is connected at an anode 

711 to the secondary terminal 614 (i.e., output end 
of the pulse generating circuit 6) and at an cathode 

712 to the secondary high tension positive terminal 
121, is a reverse flow preventing, high withstand 

20 voltage diode for applying a positive polarity high 
tension pulse 60 to the secondary positive termi- 
nals 121 whilst preventing current of the high volt- 
age for firing of the spark plug 51 from flowing 
back to the pulse generating circuit 6. 

25 The plug voltage dividing circuit 8 is construct- 

ed of a capacitor 81 of a relative small capacity 
(e.g., 5 pF) and a capacitor 82 of a relatively large 
capacity (e.g., 2500 - 5000 pF) which are con- 
nected in series to a high tension code 511 on the 

30 spark plug 51 side, and a resistor 83 of a high 
resistance (e.g., 10 M0) connected in parallel to the 
capacitor 82. 

In case of the capacities being 5 pF and 5000 
pF, the voltage dividing ratio is 1/1000, the high 

35 voltage across the center electrode-to-outer elec- 
trode portion of a spark plug is divided and re- 
duced to 1/1000 of the total voltage and the output 
voltage 800 is input to the misfire detecting circuit 
9. 

40 The misfire detecting circuit 9 detects a misfire 

of the spark plugs 51 and 52 installed in the 
respective #1 and #2 cylinders on the basis of the 
way of attenuation of the output voltage 800 
(curves 802 and 804) developed by the application 

45 of the positive polarity pulse 60. In the meantime, 
in case of normal combustion or firing, the elec- 
trical resistance value between the center electrode 
and the outer electrode is lowered, so the output 
voltage 800 attenuates in an early time or shortly. 

so However, in case of occurrence of a misfire, the 
electrical resistance value across the center elec- 
trode-to-outer electrode portion of a spark pug is 
maintained high, so the output voltage 800 attenu- 
ates gradually as depicted by the curves 801b and 

55 802b of the waveform (2) in Fig. 2 (occurrence of 
misfire at #1 cylinder) or by the curve 804b of the 
waveform © in Fig. 2 (occurrence of misfire at #2 
cylinder). 

7 
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The above described misfire detecting device 
has the following advantage. 

(a) The combustion condition or misfire of the 
spark plugs 51 and 52 provided to the #1 and 
#2 cylinders is detected not on the bias of the 
output voltage 800 (curves 801 and 803) accom- 
panied by the spark discharge of the spark 
plugs 51 and 52 but on the basis of the output 
voltage 800 developed by the application of the 
positive polarity pulse 60 (curves 802 and 804). 

That is, the structure is such that the high 
tension positive polarity pulse 60 is applied to 
the center electrode side and the combustion 
condition or occurrence of a misfire of the spark 
plug at each cylinder is detected on the basis of 
the attenuation characteristic of the high tension 
pulse. Thus, even if there is a slight contact 
defect in a distribution line such as a high ten- 
sion code, plug cap or the like, a misfire of the 
spark plug at each cylinder or the combustion 
condition within each cylinder can be detected 
with accuracy. 

Further, since the polarity of the pulse 60 
applied to the center electrode side is positive, 
detection of the combustion condition of the #2 
cylinder .i.e.. a misfire at the #2 cylinder pro- 
vided with the spark plug 52 which is connected 
at the center electrode side to the secondary 
high tension negative terminal 122 of the ignition 
coil 1 can also be attained with accuracy. 

Further, in the above detection, a difficult 
processing of the waveform of the output volt- 
age 800 is not necessary. 

Referring to Figs. 3 and 4, a second em- 
bodiment of the present invention will be de- 
scribed. 

As shown in the drawings, a misfire detect- 
ing device of this embodiemnt incorporated in a 
double-ended distributor I ess ignition system "B" 
differs from the first embodiment of Fig. 1 in that 
the secondary terminal 614 of the coil 61 and 
the secondary high tension positive terminal 121 
of the ignition coil 1 are connected by way of 
diodes (reverse current preventing, high with- 
stand voltage diodes) 72 and 73 and it is adapt- 
ed so that the potential at the junction 720 
between the diodes 72 and 73 is supplied to a 
condenser voltage dividing circuit 80. 

The condenser voltage dividing circuit 80 is 
constructed of a capacitor 84 of a relatively 
small capacity and a capacitor 85 of a relatively 
large capacitor which are connected in series 
and supplies the output voltage 800 developed 
at a junction 87 to the misfire detecting circuit 9. 
The capacitor 84 is connected at one end to a 
junction 720 and at the other end to one end of 
the capacitor 85 which is connected in parallel 
to a resistor 86, and the other end of the capaci- 
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tor 85 is grounded. Further, in this embodiment, 
since a maximum potential at the junction 720 is 
3 kV or so, the voltage dividing ratio is set to 
about 1/300. 

5 The misfire detecting circuit 9 detects the 

combustion condition or a misfire at the #1 and 
#2 cylinders on the basis of the way of attenu- 
ation of the output voltage 800 (curves 814 and 
815) developed by the application of the positive 

w polarity pulse 60 (about 3 kV). In Fig. 4, various 
output voltage waveforms 814, 814b and 815 in 
connection with plug voltages at the time of 
normal combustion or firing, occurrence of a 
misfire at the #1 cylinder and occurrence of a 

is misfire at the #2 cylinder are shown. 

This embodiment has the following advan- 
tage. 

(b) The high voltage built up at the secondary 
high tension positive terminal 121 of the ignition 

20 coil 1 for causing the spark plug 51 (in other 
embodiments, spark plugs 54 and 56) to fire is 
not developed at the junction 720 (in other em- 
bodiments, junction 730) by the reverse flow 
preventing action by the diode 73 (in other em- 

25 bodiments, diode 75) and is not input to the 
condenser voltage dividing circuit 80. Due to 
this, the high voltage for firing does not have 
any influence on the misfire detecting circuit 9, 
thus making it possible to simplify the structure 

30 of the misfire detecting circuit 9. Further, the 
withstand voltage of the capacitor 84 of the 
small capacity can be relatively low because it 
can be around 3 kV, so the capacitor 84 which 
is cheap can be used and therefore it becomes 

35 possible to reduce the cost. 

Referring to Fig. 5, the third embodiment of 
the present invention will be described. 

A misfire detecting device of this embodi- 
ment incorporated in a double-ended distributor- 

40 less ignition system "B2 n differs from the sec- 
ond embodiment of Figs. 3 and 4 in that the 
capacitor 84 is constructed so as to obtain a 
small capacity (about 3 pF) by winding a wire 
841 around the lead wire concerned with the 

45 joint 720. 

This embodiment has the following advan- 
tage. 

(c) It becomes possible to reduce the cost of the 
capacitor 84 of the small capacity, thus making 

so it possible to further reduce the manufacturing 
cost. 

Referring to Figs. 6 and 7, the fourth em- 
bodiment of the present invention will be de- 
scribed. 

55 As shown in Figs. 6 and 7, a misfire detect- 

ing device of this embodiment incorporated in a 
double-ended distributortess ignition system 
°B3" differs from the second embodiment of 

8 
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Fig. 3 and the third embodiment of Fig. 5 in that 
the condenser 80 and the diode 72 are formed 
on a single substrate (e.g., made of glass ep- 
oxy) 810. In the meantime, the diode 73 is 
disposed on the ignition coil 1 side, so that the 5 
cathode lead wire is of the small length and 
connected to the secondary high tension posi- 
tive terminal 121. 

The condenser voltage dividing circuit 80 is 
constructed of a capacitor 84 of a relatively 10 
small capacity (about 3 pF) connected at one 
end to the junction 720, and a capacitor 85 of a 
relatively large capacity connected at one end to 
the other end of the capacitor 84, whereby to 
divide the voltage at the junction 720 in such a 75 
manner that the divided voltage is about 1/300 
of the total voltage. 

This embodiment has, in addition to the 
above advantage (b), the following advantage, 
(d) Since the condenser voltage dividing circuit 20 
80 and the diode 72 (in other embodiments, 
diodes 74 and 76) are installed all together on 
the single substrate 810, it becomes possible to 
reduce the space occupied by the double-ended 
distributorless ignition system "B3" and improve 25 
the ability of maintenance. 

Referring to Figs. 8 and 9, the fifth embodi- 
ment of the present invention will be described. 

As shown in Fig. 8, a double-ended dis- 
tributorless ignition system "C (for a four-cyl- 30 
inder gasoline engine) having incorporated 
therein a misfire detecting device of this em- 
bodiment includes spark plugs 53 and 55 con- 
nected at center electrodes thereof to the sec- 
ondary high tension negative terminals 122, 35 
spark plugs 54 and 56 connected at center 
electrodes thereof to the secondary high tension 
positive terminals 121, second diodes 74, first 
diodes 75, a pulse generating circuit 6 for gen- 
erating a positive polarity pulse 60, condenser 40 
voltage dividing circuits 80 for dividing the vol- 
tages at the junctions 730, and a misfire detect- 
ing circuit 9 for receiving the output voltages 
800. 

The ignition coils 1 are connected at the 45 
secondary high tension positive terminals 121 to 
the center electrodes of the spark plugs 54 and 
56. Further, the secondary high tension negative 
terminals 122 are connected to the center elec- 
trodes of the spark plugs 53 and 55, respec- 50 
tively. 

The diodes 75 are reverse current prevent- 
ing, high withstand voltage diodes for preventing 
current of a high voltage for spark discharge 
from flowing reversely toward the condenser 55 
voltage dividing circuits 80. 

The diodes 76, which will be described in 
detail hereinlater with respect to the seventh 



embodiment of Figs. 13 and 14, are provided for 
releasing or unloading the negative potential re- 
maining in the high tension code or the spark 
plugs 54 ~ 56 and thereby reducing it to nearly 
zero. 

The condenser voltage dividing circuits 80 
are the same as that used in the second em- 
bodiment of Fig. 3, and two circuits are used. 

The reason why the respective numbers of 
the diodes 74 and the condenser voltage divid- 
ing circuits 80 used in this embodiment are the 
same as that of the ignition coils 1, i.e., two, will 
be described. 

Fig. 10 shows a comparative example of a 
double-ended distributorless ignition system "S" 
having incorporated therein a misfire detecting 
device. In the ignition system "S", the voltage 
dividing circuit 8 and the misfire detecting circuit 
9 are respectively provided by one. In Fig. 11, 
the waveforms at various places Q) ~ (?) in the 
ignition system "S" are shown. 

With the ignition system "S", when the en- 
gine speed is low (refer to low engine speed of 
Fig. 11), the intervals between the firings of the 
spark plugs at each cylinders are wide. So, in 
case the pulse generating circuit 6 outputs a 
positive polarity pulse 60 under low engine 
speed, the ignition timing of the next cylinder 
comes after the charge has been unloaded com- 
pletely by ion current, thus making it unnec- 
essary to consider the effect of the behavior of 
the ignition coil 1 on the detection of a misfire. 

However, when the engine speed becomes 
higher (refer to high engine speed of Fig. 11), 
the ignition timing of the next cylinder comes 
before the charge is unloaded completely by ion 
current, so the effect of the behavior of the 
ignition coil 1 on the detection of a misfire 
results. 

More specifically, when the positive polarity 
pulse 60 is output to the ignition coil 1 of upper 
one in Fig. 10 and the timing of energization of 
the ignition coil 1 of lower one comes before the 
charge is unloaded completely, a high voltage of 
a polarity reverse to that at the time of firing is 
caused in the secondary winding 12. That is, a 
negative voltage is developed at the secondary 
high tension positive terminal side of the ignition 
coil 1 which is lower one in the drawing, result- 
ing in that the charge at the junction 730 is 
absorbed and the voltage at the junction 730 is 
reduced to zero in a moment. 

In case of normal combustion or firing, the 
misfire detecting circuit 9 produces a pulse of a 
small width, so there is not caused any problem. 
However, although a pulse of a large width must 
properly be produced in case of occurrence of a 
misfire, the production of the pulse is suspend- 
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ed at the beginning of the time of energization, 
thus causing a problem that it becomes impos- 
sible to carry out detection of a misfire on the 
engine control unit side (refer to the condition 
900 in Fig. 11). 5 

However, since the respective numbers of 
the diodes 74 and the condenser voltage divid- 
ing circuits 80 utilized in the double-ended dis- 
tributorless ignition system "C" having incor- 
porated therein a misfire detecting device of this w 
embodiment are the same as that of ignition 
coils 1, i.e., two, such a disadvantage is not 
caused even at high engine speed but a pulse 
of a large width can be produced in case of 
occurrence of misfire as indicated by the 75 
waveform ® in Fig. 9, thus making it possible 
to detect a misfire even at a high engine speed 
zone (advantage "e"). 

Further, the misfire detecting device incor- 
porated in the double-ended distributorless igni- 20 
tion system n C n has an advantage similar to the 
above described advantage (a). 

Referring to Fig. 12. the sixth embodiment 
of the present invention will be described. 

As shown in Fig. 12. a misfire detecting 25 
device of this embodiment incorporated in a 
double-ended distributorless ignition system 
"C2 n is differs from the fifth embodiment of 
Figs. 8 and 9 in that the condenser voltage 
dividing circuits 80 and the diodes 74 are in- 30 
stalled all together on the single substrate 810 
and has the above described advantages (b), (d) 
and (e). 

Referring to Figs. 13 and 14, the seventh 
embodiment will be described. 35 

The seventh embodiment can solve, for ex- 
ample, the following disadvantages of the sec- 
ond embodiment of Fig. 3 (also can solve the 
disadvantage of the first embodiment of Fig. 1). 

At high engine speed or at the time of 40 
misfire, a high voltage is developed in the sec- 
ondary winding 12, just after completion of spark 
discharge for firing, by the energy remaining in 
the ignition coil 1. 

In case such a high voltage as described 45 
above is developed, during a firing cycle, at the 
negative side (i.e., the secondary high tension 
negative terminal 122 side) of the double-ended 
distributorless ignition system, the positive po- 
larity threshold voltage during an exhaust cycle 50 
is low, thus allowing the voltage charged in the 
spark plugs 51 and 52, etc. after completion of 
spark discharge to become so high. 

For example, as shown in Fig. 14, when the 
peak voltage on the negative side just after 55 
completion of spark discharge is -10 kV and the 
peak voltage on the positive side is + 5 kV, the 
average voltage is about -2.5 kV. 



When the voltage of the positive polarity 
pulse 60 for detection of a misfire is +2 kV, the 
applied voltage is varied by the output imped- 
ance of the pulse generating circuit 6 and the 
floating capacity of the spark plug and is, for 
example, reduced to about + 0.5 kV. As a result, 
the accuracy of measurement is lowered. 

If, in such a case, the voltage of the positive 
polarity pulse 60 is set to be +4 kV with a view 
to retaining the applied voltage of, for example, 
+ 2 kV, spark discharge may be caused when 
the offsetting voltage is not so high to the con- 
trary or the firing cycle is to be performed by 
the voltage of the positive polarity, resulting in a 
possibility that detection of the combustion con- 
dition or a misfire cannot be attained success- 
fully. 

As shown in Fig. 13, the double-ended dis- 
tributorless ignition system "D" having incor- 
porated therein a misfire detecting device (for 
use in a gasoline engine), includes an ignition 
coil 1, a battery 2 connected to the primary 
winding of the ignition coil 1, a power transistor 
3, an engine control unit (ECU) 4 for delivering 
an ignition signal to the power transistor 3, spark 
plugs 51 and 52 connected to the secondary 
winding of the ignition coil 1, a pulse generating 
circuit 6, diodes 72, 73 and 76, a condenser 
voltage dividing circuit 80, and a misfire detect- 
ing circuit 9. 

The ignition coil 1 is of the double-ended 
DLI (distributolrless ignition system) type and 
connected at the secondary high tension posi- 
tive terminal 121 to the center electrode of the 
spark plug 52. Indicated by 30 is a Zener diode 
for restricting a high voltage for ignition or firing. 

Indicated by 600 is a Zener diode disposed 
between an internal connection terminal 610 and 
ground (between collector and emitter between 
power transistor 62) and of a Zener voltage of 
20V and restricts the voltage of the primary 
winding to about 20V. By the effect of the turn 
ratio of the coil 61 (i.e., the ratio of the number 
of turns of the primary winding 61 1 to that of the 
secondary winding 613) which is set to 1 : 100, 
the peak voltage at the positive polarity pulse 60 
is maintained at +2 kV regardless of a variation 
of the battery voltage. 

The diode 73 is a high withstand voltage 
diode for preventing reverse current of a high 
voltage for spark discharge toward the voltage 
dividing circuit 8. 

The diode 76 is connected at a cathode 761 
to a cathode 722 of a diode 72 which is con- 
nected at an anode 721 to the output terminal of 
the pulse generating circuit 6, and releases or 
unloads the negative charge remaining in the 
high tension code, spark plugs 51 and 52, etc. 
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so that the remaining charge is reduced to near- 
ly zero. 

The condenser voltage dividing circuit 80 
and the combustion condition or misfire detect- 
ing circuit 9 are the same as those of the 
second embodiment of Fig. 3. 

This embodiment has the following advan- 
tages. 

(f) Since the negative charge remaining in the 
floating capacities of the spark plugs 51 and 52, 
etc. can be unloaded immediately by the diode 
76, the positive polarity pulse 60 applied to the 
spark plugs 51 and 52 by way of the diodes 72 
and 73 (or by way of the diodes 72 and 73, and 
the secondary winding 12) is not lowered. Due 
to this, even at the time of a misfire or at high 
engine speed, it becomes possible to apply the 
positive polarity pulse 60 of the voltage which is 
not so high as to cause spark discharge to the 
spark plugs 51 and 52. 

(g) By setting the turn ratio of the coil 61 to 1 : 
1 00 and by the use of the Zener diode 600 of a 
Zener voltage of 20V. the positive polarity pulse 
60 which is applied to the spark plugs 51 and 52 
can be of such a voltage which is not so high as 
to cause spark discharge and which can set as 
high as possible (2kV). 

Then, referring to Figs. 7 and 15, the eighth 
embodiment will be described. 

A misfire detecting device of this embodi- 
ment incorporated in a double-ended distributor- 
less ignition system "D2" from the seventh em- 
bodiment of Fig. 13 in that the voltage dividing 
circuit 80 and the diodes 72 and 76 are installed 
all together on a single substrate 810 and has, 
in addition to the above described advantages 
(b), (d) t (f) and (g), the following advantage. 

(h) The condensers which can be used as the 
capacitors 84 and 85 of the small and large 
capacities can be obtained with an increased 
freedom, and it becomes possible to make larg- 
er the input time constant which is determined 
by the capacitor 85 of a large capacity and the 
resistor 86 connected in parallel to the capacitor 
85, by making larger the capacitors 84 and 85 
whilst maintaining the capacity ratio constant. By 
this, the attenuation characteristic at the time of 
misfire is improved so that the difference of the 
waveforms at the time of misfire and at the time 
of firing can be made clearer. 

Referring to Figs. 16 and 17, the ninth em- 
bodiment will be described. 

A misfire detecting device of this embodi- 
ment incorporated in a double-ended distributor- 
less ignition system "E" is substantially similar 
to the first embodiment of Fig. 1 except for the 
structure of the ignition coil 1 and the arrange- 
ment of the diode 71 . 
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The ignition coil (for simultaneous firing) 1 is 
of the oil filled, open magnetic circuit iron core 
type and have the following structure. That is, 
hundreds of turns of a primary winding 11 are 

5 wound around a cylindrical member (not shown) 

of a large diameter. A coil main body is dis- 
posed within the cylindrical member and con- 
sists of tens of thousands of turns of a secon- 
dary winding 12 wound around a cylindrical bob- 

10 bin 102 having a fixed center core 101 formed 
from laminated silicon steel plates. A side core 
105 is disposed on the inner peripheral wall of 
the cylindrical member. The cylindrical body 
having disposed thereon and therein the primary 

75 winding 11, secondary winding 12, etc. is ac- 
commodated within a cylindrical casing 107 
made of a resinous material filled with insulation 
oil and supported therein by means of insulator 
104. Further, arranged on the upper end face of 

20 the casing 107 are primary terminals 111 and 
112, a secondary high tension positive terminal 
121, a secondary high tension negative terminal 
122 and a terminal 123. 

The ignition coil 1 is connected at the pri- 

25 mary terminal 111 to the positive terminal 21 of 
the battery 2 and at the primary terminal 112 to 
the collector 31 of the power transistor 3. Fur- 
ther, the secondary high tension positive termi- 
nal 121 and the secondary high tension negative 

30 terminal 122 are connected to the center elec- 
trode sides of the spark plugs 51 and 52 by way 
of high tension codes 511 and 521, respectively. 

The diode 71 disposed within the casing 
107 is a high withstand voltage diode for allow- 

35 ing the positive polarity pulse 60 (about 3 kV) 
delivered from the pulse generating circuit 6 to 
be applied to the secondary high tension posi- 
tive terminal 121 whilst preventing reverse cur- 
rent of a positive potential high voltage devel- 

40 oped at the secondary high tension positive 
terminal 121, and is connected at the cathode 
712 to the secondary high tension positive ter- 
minal 121 and at the anode 711 to the terminal 
123. 

45 Since the double-ended distributorless igni- 

tion system "E n having incorporated therein a 
misfire detecting device has the diodes 71 
which is disposed within the casing 107 and is 
connected at the cathode 712 to the secondary 

so high tension positive terminal 121 and at the 
anode 711 to the terminal 123, it can have, in 
addition to the above advantage (a), the follow- 
ing advantage. 

(i) A difficult work otherwise necessitated in a 
55 prior art device, such as a work for connecting, 
after connecting an end of a high tension code 
to a secondary high tension positive terminal, 
the cathode line of a diode to the secondary 

11 



21 



EP 0 661 449 A2 



22 



high tension positive terminal or a halfway por- 
tion of a high tension code, becomes unnec- 
essary, so assembling of the misfire detecting 
device does not require much time and labor, 
thus making it possible to reduce the work cost. 5 
(j) Since the diode 71 (in other embodiments, 
diodes 73 and 75) is not exposed to the outside, 
a good appearance can be attained. Further, 
even with vehicle vibrations or even if the igni- 
tion coil 1 or the high tension codes 511 and 10 
521 are contacted by the hand of a worker 
during inspection of an engine, etc., the diode 
71 is hardly acted upon by a force, so the 
cathode 712 is not disengaged from the secon- 
dary high tension positive terminal 121. 75 
(k) One diode 71 will suffice that needs to be 
disposed within the casing 107 and thus can be 
disposed within the casing 107 with ease. 

Referring to Figs. 17 and 18, the tenth em- 
bodiment of the present invention will be de- 20 
scribed. 

A misfire detecting device of this embodi- 
ment incorporated in a double-ended distributor- 
less ignition system "F n is substantially similar 
to the second embodiment of Fig. 3 except for 25 
the structure of the ignition coil 1 and the ar- 
rangement of the diode 73. 

The ignition coil 1 (refer to Fig. 17) has the 
same structure as that of the ninth embodiment 
of Fig. 17. The diode 73 (second diode) is a 30 
high withstand voltage diode disposed within the 
casing 107 similarly to the diode 71 of the ninth 
embodiment of Fig. 17 for preventing reverse 
current of a positive polarity high voltage devel- 
oped at the secondary high tension positive 35 
terminal 121, and is connected at the cathode 
732 to the secondary high tension positive ter- 
minal 121 and at the anode 731 to the terminal 
123. 

The diode 72 is disposed on the pulse gen- 40 
erating circuit 6 side and is connected at the 
anode 721 to the secondary terminal 614 of the 
coil 61 and at the cathode 722 to the terminal 
123 by way of a covered wire. 

This embodiment has, in addition to the 45 
above described advantages (b), (i) and (j), the 
following advantage. 

(I) Since the high voltage for spark discharge is 
checked by the diode 73, increase of the length 
of the covered wire between the terminal 123 50 
and the diode 72 does not cause leakage of the 
high voltage for spark discharge, so the diode 
72 needs not be disposed within the casing 107 
but can be disposed on the pulse generating 
circuit 6 side. Accordingly, one diode will suffice 55 
that is disposed within the casing 107 (in other 
embodiments, the same number as that of the 
ignition coil or coils), and thus can be disposed 



within the casing 107 with ease. 

Referring to Figs. 19 and 20, the eleventh 
embodiment of this invention will be described. 

A misfire detecting device of this embodi- 
ment incorporated in a double-ended distributor- 
less ignition system n G" is substantially similar 
to the fifth embodiment of Fig. 8 except for the 
structure of the ignition coil 1 and the arrange- 
ment of the diodes 75. 

The ignition coil 1 (for simultaneous ignition 
or spark type) is, in this embodiment, of the oil 
filled, open magnetic circuit type and includes 
two coil main bodies of the same structure as 
that of the ninth or tenth embodiment which are 
accommodated within a cylindrical casing 108 
made of a resinous material, having disposed on 
the inner peripheral wall thereof a side core (not 
shown) and filled with insulation oil (not shown) 
and supported therein by means of insulators 
(not shown) disposed at the opposite axial ends 
of the casing 108. Further, protruded from the 
opposite axial end faces of the casing 108 are 
tubular portions having disposed therewithin 
secondary high tension positive terminals 121 
and secondary high tension negative terminals 
122, respectively (refer to Fig. 20). 

The primary winding 11 of the ignition coil 1 
is connected by way of covered wires extending 
through the casing 108 and between the inside 
and outside of same, to the positive terminal of 
the battery 2 and the collector of the power 
transistor 3. Further, the anodes of the diodes 
75 are connected by way of covered wires ex- 
tending through the casing 108 and between the 
inside and outside of the same to the cathodes 
of the diodes 74, respectively. Further, the sec- 
ondary high tension positive terminals 121 and 
the secondary high tension negative terminals 
122 of the ignition coil 1 are fitted with high 
tension codes and connected to the center elec- 
trodes of the spark plugs 53 ~ 56, respectively 
(refer to Fig. 20). 

The diodes 75 disposed within the casing 
108 are high withstand voltage diodes for pre- 
venting reverse current of a positive potential 
high voltage developed at the secondary high 
tension positive terminal 121 and are electrically 
connected at the cathodes to the secondary 
high tension positive terminals 121, respectively. 

The diodes 74 are disposed on the pulse 
generating circuit 6 side and are connected at 
the anodes to the secondary terminal 614 of the 
coil 61 and at the cathodes to the anodes of the 
diodes 75 within the casing 108 by way of 
covered wires. 

The condenser voltage dividing circuits 80 
are of the same structure as that of the second 
embodiment of Fig. 3 and each connected to 
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each one of the coils. 

This embodiment has advantages substantially 
the same as the above described advantages (b), 
(e), <i), (j) and (I). 

While the present invention has been de- 
scribed and shown as above, the following variants 
are possible without departing from the scope of 
this invention. 

(I) In case the withstand voltages of the diodes 
71, 72, 73, 74, 75 and 76 are insufficient, a 
plurality of diodes may be connected in series 
to constitute the respective diodes. 

(II) The delivering timing, continuation time and 
voltage of the positive polarity pulse 60 can be 
determined suitably so long as the delivering 
timing and continuation time are included within 
the period after completion of spark discharge 
and before beginning of application of a high 
voltage for spark discharge whilst the voltage is 
not so high as to cause spark discharge. 

(III) In Fig. 13, the cathode 761 of the diode 76 
can be connected to the anode 721 of the diode 
72 without being connected to the cathode 722 
of the diode 72. 

(IV) In the ninth to eleventh embodiments, the 
condenser voltage dividing circuit 80 can be 
installed on a single substrate 810 as in the 
fourth embodiment of Fig. 7, together with the 
diodes 72, 74 and 76 if desirable. 

From the foregoing, it will be understood that in 
the misfire detecting device according to an em- 
bodiment of the present invention a positive polar- 
ity pulse which is not causative of spark discharge 
between the center electrode and the outer elec- 
trode, is applied to a positive polarity side of a 
secondary winding by way of a reverse current 
preventing diode during the time after completion 
of spark discharge and before beginning of applica- 
tion of high voltage for next spark discharge, and a 
misfire detecting means detects the combustion 
condition at each cylinder, i.e., occurrence of a 
misfire of a spark plug at each cylinder on the 
basis of an attenuation characteristic of a divided 
voltage which is a fraction of a plug voltage, across 
a center electrode-to-outer electrode portion of a 
spark plug. Due to this, a positive potential is 
developed at the center electrode side, whereby it 
is made clearer or larger the difference of the 
attenuation characteristic of the plug voltage be- 
tween the time of a misfire and the time of normal 
firing and therefore it becomes possible to detect 
the combustion condition of each cylinder, i.e., 
occurrence of misfire at each cylinder with accu- 
racy without being affected by the conditions of the 
distribution lines. In this connection, a difficult 
waveform processing of a divided voltage is not 
necessitated. 



It will be further understood that in the misfire 
detecting device according to another embodiment 
of the present invention a positive polarity pulse 
which is not causative of spark discharge between 
5 a center electrode and an outer electrode of a 
spark plug, is applied to a positive polarity side of 
a secondary winding by way of a first diode and a 
second diode during the time after completion of 
spark discharge and before beginning of applica- 

io tion of high voltage for next spark discharge, and a 
misfire detecting means detects the combustion 
condition at each cylinder, i.e., occurrence of a 
misfire of a spark plug at each cylinder on the 
basis of an attenuation characteristic of a divided 

is voltage which is a fraction of a total voltage, at a 
conjunction between the cathode of the first diode 
and the anode of the second diode. Due to this, a 
positive potential is developed at the center elec- 
trode side, whereby it is made clearer or larger the 

20 difference of the attenuation characteristic of the 
plug voltage between the time of a misfire and the 
time of normal firing and therefore it becomes 
possible to detect the combustion condition of each 
cylinder, i.e., occurrence of a misfire of a spark 

25 plug at each cylinder with accuracy without being 
affected by the conditions of the distribution lines. 
In this connection, a difficult waveform processing 
of a divided voltage is not necessitated. Further, 
the high voltage developed at the positive polarity 

30 side of the ignition coil for firing of a spark plug, is 
not input to the voltage dividing means by the 
reverse current preventing action of the second 
diode. Due to this, the misfire detecting device is 
not subjected to the influence of the high voltage 

35 for firing or ignition, thus making it possible to 
simplify the structure of the misfire detecting de- 
vice. 

It will be further understood that in the misfire 
detecting device according to a further embodi- 

40 ment of the present invention a positive polarity 
pulse which is not causative of spark discharge 
between a center electrode and an outer electrode 
of a spark plug, is applied to a positive polarity 
side of a secondary winding by way of a first diode 

45 and a second diode during the time after comple- 
tion of spark discharge of a set of spark plugs 
connected to the same ignition coil during the time 
after completion of spark discharge of a set of 
spark plugs connected to the same ignition coil and 

so before beginning of application of high voltage for 
spark discharge to another set of spark plugs, and 
a misfire detecting means detects the combustion 
condition at each cylinder, i.e., occurrence of a 
misfire of a spark plug at each cylinder on the 

55 basis of an attenuation characteristic of a divided 
voltage which is a fraction of a total voltage, at a 
conjunction between the cathode of the first diode 
and the anode of the second diode. Due to this, a 
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positive potential is developed at the center elec- 
trode side, whereby it is made clearer or larger the 
difference of the attenuation characteristic of the 
plug voltage between the time of a misfire and the 
time of normal firing and therefore it becomes 
possible to detect the combustion condition of each 
cylinder, i.e., occurrence of misfire at each cylinder 
with accuracy without being affected by the con- 
ditions of the distribution lines. In this connection, a 
difficult waveform processing of a divided voltage 
is not necessitated. Further, the high voltage devel- 
oped at the positive polarity side of the ignition coil 
for firing of a spark plug, is not input to the voltage 
dividing means by the reverse current preventing 
action of the second diode. Due to this, the misfire 
detecting device is not subjected to the influence 
of the high voltage for firing or ignition, thus making 
it possible to simplify the structure of the misfire 
detecting device. Further, detection of misfire can 
be attained with accuracy even at engine high 
speed. 

Claims 

1. A misfire detecting device for a double-ended 
distributorless ignition system having an igni- 
tion coil for simultaneous spark, primary cur- 
rent supplying means for supplying battery 
current to a primary winding of the ignition coil 
intermittently, a first spark plug connected at a 
center electrode side to a positive polarity side 
of a secondary winding of the ignition coil and 
grounded at an outer electrode side, and a 
second spark plug connected at a center elec- 
trode side to a negative polarity side of the 
secondary winding of the ignition coil and 
grounded at an outer electrode side, the mis- 
fire detecting device comprising: 

pulse generating means for generating a 
positive polarity pulse which is not causative of 
spark discharge, during the time after comple- 
tion of spark discharge and before beginning 
of application of an ignition high voltage for 
next spark discharge; 

a reverse current preventing diode con- 
nected at an anode to an output end of said 
pulse generating means and at a cathode to 
the positive polarity side of the secondary 
winding of the ignition coil; 

plug voltage dividing means for dividing a 
plug voltage across a center electrode-to-outer 
electrode of each of the spark plugs to obtain 
a divided voltage thereat; and 

detecting means for detecting a misfire of 
the spark plugs on the basis of an attenuation 
characteristic of said divided voltage after ap- 
plication of said positive polarity pulse. 
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2. A misfire detecting device according to claim 
1, further comprising a diode connected at a 
cathode to an anode side of said reverse cur- 
rent preventing diode and grounded at an an- 

5 ode for unloading a negative charge remaining 

in a floating capacity of the spark plugs. 

3. A misfire detecting device according to claim 
1, wherein said voltage dividing means com- 

10 prises a condenser voltage dividing circuit con- 

structed of a capacitor of a small capacity and 
a capacitor of a relatively large capacity which 
are connected in series. 

75 4. A misfire detecting device according to claim 
1, wherein said diode is disposed within an 
electrically insulated casing of said ignition 
coil. 

20 5. A misfire detecting device for a double-ended 
distributorless ignition system having an igni- 
tion coil for simultaneous spark, primary cur- 
rent supplying means for supplying battery 
current to a primary winding of the ignition coil 

25 intermittently, a first spark plug connected at a 

center electrode side to a positive polarity side 
of a secondary winding of the ignition coil and 
grounded at an outer electrode side, and a 
second spark plug connected at a center elec- 

30 trode side to a negative polarity side of the 

secondary winding of the ignition coil and 
grounded at an outer electrode side, the mis- 
fire detecting device comprising: 

pulse generating means for generating a 

35 positive polarity pulse which is not causative of 

spark discharge, during the time after comple- 
tion of spark discharge and before beginning 
of application of an ignition high voltage for 
next spark discharge; 

40 first and second reverse current preventing 

diodes connected in series to each other for 
allowing said positive polarity pulse to pass 
therethrough and be supplied to the positive 
polarity side of the secondary winding of the 

45 ignition coil; 

voltage dividing means for dividing a volt- 
age at a junction between an anode of said 
first diode and a cathode of said second diode 
to obtain a divided voltage thereat; and 

so detecting means for detecting a misfire of 

the spark plugs on the basis of an attenuation 
characteristic of said divided voltage. 

6. A misfire detecting device according to claim 
55 5, further comprising a diode connected at a 

cathode thereof to an anode side of one of 
said first and second diodes and grounded at 
an anode thereof for unloading a negative 
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charge remaining in a floating capacity of the 
spark plugs. 

7. A misfire detecting device according to claim 

5, wherein said voltage dividing means com- 5 
prises a condenser voltage dividing circuit con- 
structed of a capacitor of a small capacity and 
a capacitor of a relatively large capacity which 
are connected in series. 

10 

8. A misfire detecting device according to claim 
5, wherein said voltage dividing means com- 
prises a condenser voltage dividing circuit con- 
structed of a capacitor of a small capacity 
electrically connected at one of opposite ends 75 
to said junction and a capacitor of a relatively 
large capacity connected at one of opposite 
ends to the other of said opposite ends of said 
capacitor of a small capacity and grounded at 

the other of said opposite ends thereof, said 20 
capacitors being installed on a single insulation 
substrate. 

9. A misfire detecting device according to claim 

5, wherein said second diode is disposed with- 25 
in an electrically insulated casing of said igni- 
tion coil. 

10. A misfire detecting device for a double-ended 
distributorless ignition system having a plural- 30 
ity of ignition coils for simultaneous spark, pri- 
mary current supplying means for supplying 
battery current to primary windings of the igni- 
tion coils intermittently and in turn, and a plu- 
rality of spark plugs connected at center elec- 35 
trode sides to secondary windings of the igni- 
tion coils and grounded at outer electrode 
sides, the misfire detecting device comprising: 

pulse generating means for generating a 
positive polarity pulse which is not causative of 40 
spark discharge, during the time after comple- 
tion of spark discharge of one of the spark 
plugs and before beginning of spark discharge 
of another of said spark plugs which is to 
discharge next; 45 

first diodes of the same number as the 
ignition coils and each connected at an anode 
to an output end of said pulse generating 
means; 

second diodes of the same number as the 50 
ignition coils and each connected at an cath- 
ode to a positive polarity side of the secondary 
winding of each of the ignition coils and at an 
anode to a cathode of each of said first diodes; 

voltage dividing means for dividing vol- 55 
tages at junctions between said cathodes of 
said first diodes and said anodes of said sec- 
ond diodes to obtain divided voltages thereat; 
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and 

detecting means for detecting a misfire of 
the spark plugs on the basis of attenuation 
characteristics of said divided voltages. 

11. A misfire detecting device according to claim 
10, further comprising a diode connected at a 
cathode thereof to an anode side of one of 
said first and second diodes and grounded at 
an anode thereof for unloading a negative 
charge remaining in a floating capacity of the 
spark plugs. 

12. A misfire detecting device according to claim 
10, wherein said voltage dividing means com- 
prises a condenser voltage dividing circuit con- 
structed of a capacitor of a small capacity and 
a capacitor of a relatively large capacity which 
are connected in series. 

13. A misfire detecting device according to claim 
10, wherein said voltage dividing means com- 
prises a condenser voltage dividing circuit con- 
structed of a capacitor of a small capacity 
electrically connected at one of opposite ends 
to said junction and a capacitor of a relatively 
large capacity connected at one of opposite 
ends to the other of said opposite ends of said 
capacitor of a small capacity and grounded at 
the other of said opposite ends thereof, said 
capacitors being installed on a single insulation 
substrate. 

14. A misfire detecting device according to claim 
10, wherein said second diode is disposed 
within an electrically insulated casing of said 
ignition coil. 
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circuit for detecting a misfire of the spark plugs on the 
basis of an attenuation characteristic of the divided volt- 
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